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l. Introduction 
We have previously r,eported Ihat incorpazraiion of
~1-14C]p ~a!lmitate into ceramid,e td, tetra, and penta. 
hexoside of NIL2 harnstea" cells increases with ~creas- 
ing cell culture density, atthougla ~neorporation into 
the othez majo~ glycolipid, hematozide, is ~el~tively 
tmaffeeted ~1, 2]. Density depend,eat glycolipids have 
been found in some other cell lines I3--6] bu~ are con- 
sdslently absenI in the t~an~folmed deriva.tiv~s [a-6]. 
The p~ssibi~ty that th~se molectales are hnportanl 
determinants of c:ellular mlera,et,~on has led us to study 
the~ location ~n the c.e~. We have found that ~e 
density dependent g!yc,olipi,d~ of NtL2 hamsle,~ c,dl~ 
ar~ present at, bm not confined to, ~e  c.e]] surface. 
2. Melh,ods 
N1L2 Syrian hamster cells and those transfotmed 
by hamster ~arooma vires NIL2]HSV t 7] were labelled 
while still sparse with :0.25 3~Ci]~] [l-a4C]palrrfitate. 
(55 mCi]mmoie) and harvested by scraping 48 hr late~ 
when confl,2,ent, The ce.']]s were waahed in cold phos- 
phate buffered saline and nuclear, nait.ochondrhl, endo- 
plasmic l~eticuham ad plasma membrane f.iactkms 
isolated by the method of Grah~Lm [B]. Plasma mem- 
brane and nu,cleai fractions were aho prepared by the 
method of WArren e,t :eL I9]. After estimation of total 
incorporation]rag protein, 'the subcellulax fractions 
were dialysed against water at 4 ~ for 48 hr, freeze 
dried and lipid ,ex/Iacted with 2: t then 1:2 ,chlmo- 
f, orm--rne~3aanol. "1".,o ,cheek the stability of lipich during 
the procedure, fraeiions were e):tracted : ir~.ctty with 
20 vol ,of 2: t chloroform-methanol fol o~Yed by 
Folch partition. Lipids were s~parm.ed by two dim.~n- 
~JonZ th~n4ayer chrornato~aphy detected by autc- 
ra..dio~aphy, and quantilat.ed by scinti~/ation counting 
3. Results m~d ~s.enssion 
Enzymat'~ chmactezizafion of ~.h~ subce!~lur]ar frac- 
tions isohted by the method of GrAham ~ ~ sh~,wn 
in tab]e 1. The phsma membr~,e fractions fro ~ both 
NIL2 and NEL2/HS¥ cells den~onstrale a t7--h[bf3ld 
enric}-irne~i in N~÷/K'~--~g 2~ _ATPas~ ove~ the eel! 
hornogenate. Levels of thi~ cnzyrn,e in the endopl~srr/c 
reCite]urn &action from NIL2 and Nll.2fl-]SV suggest 
a contamination with p]~.-ma me.,mbrane of T/ae order 
of 5 and 12% respectively. Because of he  kigh le~-els 
of Mg 2+ ATPase in rn,iIochondda F_ is difficuh to .assay 
the Na+/K -~ ~1fimulated -Mg 2+ ATPase, and 5'-nudeo- 
tidase pro~Jde~ a better eslir~fi,on of plasma ~e~brane 
contamination. T~s was found Ic b~ less than 2~ for 
both cell types. Contanfinatraon cf lh~ nuclear fraction 
by plasma memb~e was at a similar low ]eve]. Activi- 
ties of NADH fliaphorase indicate -hat contamination 
oi plas3nz membrane by endoplasmic reEculu~ is 
about 75 fo~ NiL2 and 18% foI NIL2/1-]SV. The ashy 
~n~5od for this enzyrne also detects the NADH 
oxidase of rnitochondria, b~at Lhe lack of z!gnificant 
suecina~e.cytochrome c r ductase activity in a~y frac- 
tion exceni for mito~hondria indicates ~at oxid~iion 
of NADR by endoplasmic reticulum was mot due to 
anitochcndrial contamination. 
. The gly.colip~ds of hhe pl~a~.a ~nembrane fracEon 
of NIL2 cells ~reproducibly showed the greatest ir_- 
eorporafion of t 1-14C]P ~afitate label per nag pre~e.ln, 
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Table 1 
:Enzymatic .cha~ae~erimation of Zubcelluta~ fra*:,~i~ns froin normal ,~)  and ~ansformed ;(T) N,IL2 lhamste~ :cells, 
F~ze,tion Na+]K ÷ 
sliinulat,ed 
~ig~ATI,ase 
5 -Narele.Dthda~ NADH 
diapho~ase 
Su:ccSrmle 
,Cyt ,c 
redlaet:ase 
Plasma 
~eTn~o~aJle 
Eaad.~plasmie 
xe~culu,rn 
Mllo~hond,a'i~ 
N~aclei 
H~m~genafe 
:N T 
.B .6 2.5 
{).4 0.3 
D.05 0.05 
OA 0.05 
0.5 0.1 
N T N T 
14.0 4.1 4.7 45.7 
2.9 0,$ 72.0 252,9 
D, 3 0.05 40.0 154.5 
0.2 0.05 ND ND 
0.2 0.05 8.4 3~.2 
N T 
0.2 0.2 
0.2 0.2 
3.1 2.4 
~]D ND 
0.2 O.2 
Frona 3.6-5 X 1D z cells w ez~ disrupted by n]t)ogen ca~51a~i~n an 0.25 M sucrose, 5 raM T~is, 0.2 rnM lMg ~,  pH 7,4. Af~e) c]~elalion 
of Mg ~ by 1 InM EDTA nuclei were ~dimen~ed a~ I;ODO g fox 10 rnin, .and ,?.he pt)st nude~ supe~na'tam ~epa~zted int~ mi~.o.~l~on- 
drial, Inictoso~al and ~olub]~ f~zcli~ns on ~ d~scont~nu~as uczose zonal gxadienL Plasma rsc~rnbrmae nd end,opla•smic ~r~dculurn 
were isohted f:r,O~ lhe .to~al naic.~.osornal frae,t~on ,on z Mg~-Dext.~an gradienl I8]. [Enzymatic ~etivSt~es r,epresent ~arn:oles subslrat.e 
~Ifffi~ed]lar]~g p/otein. ND = Not dele~'nined. 
Table 2 
Dis~r:abul~on f t I-a4C]P aln~tate in subce,ll~a.~ f. actima~ from dense NIL2 .hanastex cells. 
-I~ corporation Cell laorno- Naa,e]e~ /d.StD ch~ndria Plasina Endopla~rnic 
per nag p:otein jge~aa~e ~neinb.~ane ~eti,~lha~ 
T<~ tal lipid .E,.72 ~ 
Phosplaolipid ~'.56 
,G]y,colipid D.05 
Neutral .'lipid fk 10 
Phospholipid,] 
gly~olipid ,~ 3.5 
% Distribution ~f" labe'l in g~y,colipid 
CmonoH ~].3 
,CdiH 5.4 
CtriH lg.o 
CIelTaH 34.4 
Cpen~ta]-/ 15,3 
Hematoside 1%0 
0.46 0.56 3.25 1.l 
0.33 0.45 2.53 0.86 
9;03 D:D5 0.~9 0.12 
13.99 t),105 D,33 0.13 
12.8 I,:0~9 6.6 7.3 
9.4 5"9 92  5.3 
4.8 6.1 ~.9 7.5 
19.8 17.9 21~0 23.5 
32.B 31.0 30.6 35.2 
1~.5 17.9 . 18.3 i9 .8  
34.8 - 21.:0 34.3 19.7 
Subeeilulat fractions were !i~olateO by the method of  Grattam 18]~, CmonoH ~o Cl~ntatt denotes ~¢utral'g!y,~osptCmgoli#ds -con- 
tain/rig froin one to rice sU~ ~esidues. - . . . . .  . . : . . . 
• - . • . • . . " . . -  - - . _  " . . .  . 
:* epin X 1 '06 , l Ing  pl'o~te~n . . . .  " ' " " ' " • " " 
• • i i! " i .- ! - . . : - . : - :  : : . . .  • . . . . . .  . . . . , - -  
" - .  - - _ .  - . .  • , ,  - :  : . - .  ! , .  " - :  . , .  • - .  . . - " - . ' ,  : ' 5  " , . . . > . . r  . . ?  ... . . _  , . . _  . -. 
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T~ble 3 
Distfibufi.~n of [l:~C]~atmita~e in ~uclear mud Na~ma membrane f:ractions of NIL2 ce[h. 
May 1973 
lncorpola,fi~n ,:Cell N~=lei Mi~o,_ornes Plasma Solu]~_~e 
pe~ nag protein ho.raogen~le naemblan,e 
T~td hpid 
Phosphol~pJd 
Glycolipid 
N,Butra! lipid 
Pho~phol~pid] 
@ycoi~pk] 
0.5~* 0.26 1.49 2.34 0.I 
0.39 0.20 0.94 1.56 0.06 
0.05 0.O~ 0.08 0_25 0.0 
0.24 0.08 0.4,6 0.53 ,0.03 
7.8 17.3 tl .5 ~.3 ~.6 
Plasma raemb~anes were isola~ted by ~e me~hofl of Wanen e* ~. ~9]. Cells ,~'eze ~'o]t~n i  45 mM N-~C! fo~ 5 rnin, 3 xo] of ~I~la*efl 
l!uoz~scein nae~m-ie acetme pH 8.0 added and, afftez coo l~ to 0 ° , the ~!ls disrupted fin a DDunce homogerfi~. P las~ n~ernb~ra~es 
~eze isolated f~om nuclei o~ discontinuous sucrose gradgent:~. TN~ erode nue]eaz ~ge l  ~-a.~ f~d f:ren'_ ~_~atac~ ells and ric-roson< es 
l~y h~n~ogeNs~fion and ezt,ensive wa~Ng in 0.2% citric acid | t0]. 
* cpm x 10~/nag p~o,eLn. 
~ab]e 2. The specific act i~i~ of  ~e  plasma memb:rane 
~jyco~pid was 5-8-fold greater than the hDmogena,~e 
compared with e~rChrnents of 2--4~fold for endop]asmie 
• eticui~m, ]--2-fold for mitochon,dfial nd 0.5- ! .5 - fo ld  
fO~ nuclear fzac~dons. Th~ ratio ~f hncorpolalion imo 
phospho~ipid/glyeo]Jp~d was always ]owe~ ~n Lhe 
plasma m-embzane and en,flopla.~mk ~eticu]u,m cern~m-ed 
to the other fractions. SLm~a~ enrichments L'~ h~co_~_ o:- 
Table 4 
EncozpD~ration of .~ ]-]4,C~pah-r~tm'te into th~ ~l~b~ellulm f~act~ons oi" dense N]L2/HSV. 
ImoDz!~Zsfien Cell Nucaei Mitc>claonflzia Pla~rns E~flol~]~:nic 
To,~1 lipid 0.4* 0.45 0.84 1.49 I.~ 3 
~!~llospholip]d 0.35 GAD 0.72 I. ]5 1.56 
G]y~olipid 0.03 0.02 0J?6 O.] 8 O. 12 
Neutral l~pid 0.,03 0.03 O.D5 0.17 O. ] ] 
l°ho~phol~pid] 
glygolipid ! 3. ] ] 6.6 l ] .7 7.4 15.0 
% Dislnbution of label ~ .glyDo!ipid 
Cmonoll I ] .6 13.g 11 .B 16.0 
Cdi~ 34.2 44.5 4B.6 35.6 
,C~r~II 0 - 0 0 0 
CtetmH 0 0 o 0 
C~nta]-t 6.3 6.,6 5.2 7.1 
Hema~osidB 48.2 34.6 30.$ 41.t3 
9.5 
a5.6 
D 
l) 
7.0 
37.7 
Sub~ellula~ fractitms weze isolated by ,the :method ~t" Graham I8]. 
* ,~lam X 10 ~]mg ~Io  te~n.  • 
. . - .  . 
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afion into gly¢olipid were found "m plasma membrane 
fractions prepared by the method ofWarmen et at. ]9 ], 
table 3. Nuclei prepared from 'the same cell homogen. 
ale and ,extensively purified I ] O] comained very li~]~, 
glycNipid as ~own by ~he low spec ie  actNity and 
high phosphelipid to glycolfipid ratio. Comparable 
resalts were obtained with fractiom from NtL2]HSV 
cells bui interesfin~y, the phospholipid/glycdipid ratio 
sho~,ved a mm'ked ifference between the plasma mem- 
brane and endoplasmie ~efi,r.u]um which was no~ found 
in studies on Ihe normal celt. The distribution of  
label in the various glycolipids of the subcellu]ar 
frac!ior~s was shmi]ar to ~hat of whole hornogenate, 
tables 2 and g. 
Pr,evio~as sludies baYe ~daown a concentration of
gtyco]ipid at *he celt surface I11--15] and the #yco- 
lipids of plasma membrane and endopla~mic reti.c~alum 
to be similar ~o whole cells, 1t2, t3, 15] with one 
,exception Ii,6]. Our incorporation da~a show similar 
IteMs bu! possible difl~erences in turnover between 
fide ~ubcellula~ structures make~ detmled quantitative 
comparison ".mapossible. ~Phe xperknent~ show that 
the density dependem gIycolipids are indeed present 
at tlae cell sin;face a l though mot specif ical ly located 
there. If the dens,~ty dependenI components were 
present oaly aI the eel!! s'afface, then the distfibW.ion 
of label in gly~:olipid of endoplasmic r.eficutum ~hould 
be dKferen~ from tl~a~ of  plasma membrane, The fact 
that the proNe~ are very sin~lar migh't be explained if
none of the olher intracellular o,r.g-ane]les contain any 
glyc.olipid, and that present is derived from contamina- 
tion wi,h plasma membzane. This is considered rod,likely 
a~ the endoplasrnic retie,alum wa~ repeatedly enriched 
ha incorporalion i to gly~olipid per mg prote~n ,over 
the homogenate. Such mt explanation may howev,e~ 
accoum for the ~levels of  gly.=olipid in nuelek 
Thepresence ofthe density dependent .glyc,oiipids 
at the cell sulfaee agrees with lhe data of Hakomof i  
and K~j'maoto I17] who found ~at  imae~ NIL2 cells 
were reactive to amibody prepared against Forssman 
glycol~pid (,ceramide pevAahexoside). Insertion o ia  
vJlal genome im,o the hcst c~ll apparently bl..ocks yn- 
flaesis ofthe ,density d,el:,en,d,ent components of all 
sub:cellular compa~tmentsm~d not just those .of the 
cob ~urface. That tran~fi~rrnation results ;m modifica- 
~on of complex carbohyda'ates :othe~ than those on 
the cell surface agrees with she data of War.ten etal. 
Ia 81, who fo~d that fucose containing lycopep..tides 
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characteristic of transformed cells were present 
~t,och,on,driat and nuclear a, ~. wall as pl~sma membrane 
fractions. The poss'~ble importan,~e of ~e density 
d.epend.en~ glycolipids a~ the ce~ surface i.~ u~own.  
Roth and c o.worke~s 1!9, 2:0] ha~e ~uggested that 
cell ~rface carbohydrat.es may act as recognition ~ites 
by binding to specific g~yeosyl transferases on the 
s~rfaee of eonI i~ons cells. Such a process of lran> 
glyco~lation may provide an explanation for syn~esis 
of the density dependent glyeolipids although Neir 
presence in intracellu]ar strnctu~es makes it unlkke]y 
to be ~,e sole me.chani~m 121]. 
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